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Trends and Challenges in Agriculture 
Increasing population Climate changes

Lack of work force 

Limited resources and sustainability 

Source: https://www.nourishthefuture.org/relevant-science/growing-population-food-security
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Source: Council of Agriculture, Executive Yuan, Taiwan. 2022.

Application Layer

Transport Layer

Perception Layer

Physical Layer

Analyze the return data from the 
transport layer and provide a reaction

Transmits data from multiple devices 
to an on-premise or cloud data center

Get the biological and environmental 
data, similar to how humans perceive 
it,  such as temperature, pests and 
diseases, etc. 

The mechanical devices, tools, 
environments, and creatures used in 
the agriculture processing

Sensing technology Recognition technology
Biology 

Environment
Image recongnition, RFID, GPS, 

etc.

AgricultureFarmland Machinery Body

Senses
Touch

Sight

Taste

Smell

Hearing

Neuron system

Brain

Information and communication technology, IoT, big data, smart machine

Agriculture/ /

From Farm…
Image Processing
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Production

Harvest/Post-harvest

Plant 
Management

Pest/Disease 
Identification

Tea Bud Identification, 
Tea Leaves Grading System

Applications of Machine Vision in Agriculture

Harvest Time 
Prediction

Plant Growth Monitoring/Phenotyping  

Tea, asparagus, tomato, cucumber, 
melon, vegetables, etc. 



From Farm…
Spectroscopic Techs
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Quality
(Fishery)

Quality
(Plants)

Applications of Spectroscopic Techs in Agriculture

Identifying Yellow and Spoiled Flesh 
in Taiwan Tilapia using NIR
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Wavelength(cmିଵ)

Early Disease Identification by Applying Hyperspectral Images
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Applications of Spectroscopic Techs in Agriculture

To Market
Spectroscopic Techs

Safety

Quality

Origin Discrimination of Tea / 
Pesticide Residue Detection of Herbs 

Floral
Fruity

Sour/Ferm.
Vege.
Other

Roasted
Spices

Nutty/Cocoa
Sweet

Coffee Flavor Prediction 

Determination of Tea Ingredient

T-NTFAA

Catechin 

Tannin  

Caffeine  

Theanine 
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Production Stage

Plant Disease Identification System +
Smart Prescription System

Pest/Diseases 
image database 

Identification 
model

LintBot
Service

Expert 
prescription 

Pesticide 
database

Suggested 
Prescription

Cucumber

Tea
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Production Stage

Plant Disease Identification System +
Smart Prescription System

Leaf-
worm

Aphid

Striped 
flea beetle

Blight

Sooty moldLeafworm Striped flea beetle

Leaf miner Spider mite

Pest-infected leaf

Disease-
infected 

leafPest

Vegetable Crops 
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Production Stage

Plant Disease Identification System +
Smart Prescription System

P&D Dataset

Aphid Treatments
TypeMethod

XA

YB

ZC

P&D Treatments 
Database

Virtual Crop Doctor

P&D Identification 
Module

Category

Aphid detected

Pests and Diseases (P&D)
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Production Stage

Plant Disease Identification System +
Smart Prescription System
You Only Look Once (YOLO) series: YOLOv9
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Production Stage

Plant Disease Identification System +
Smart Prescription System

Tea thrips Fungi disease Algal spot Brown blightCollect photos 
from various 
angles and 
conditions
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Production Stage

LineBot Service – ‘Tea Pest ID’

Display the Result: 
location and class

Follow-up Suggestion:
link to the web 

“Intelligent 
Prescription System” 

Upload image 
through LINE App

Link to Server for 
Identification

Thrips

Brown blight

System 
demonstration 

to farmers

Plant Disease Identification System +
Smart Prescription System



Cultivation Control Information
(Following Good Agricultural Practices, ‘ GAP’)
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Production Stage

Plant Disease Identification System +
Smart Prescription System

List
‘Common 
drugs’ in 

higher 
priority

Safe harvest 
period

(Shorter one 
listing first)

Biological Control Information
(Using Natural Enemies as Operations)

Expert recommendation (other than medicine)

Pest1 Pest2

Prevention other than medicine

Precision medication → lower the cost, reduce environmental impact, 
and increase product safety
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Production Stage

Plant Disease Identification System +
Smart Prescription System

Tea Farmers and Plant Doctors from different regions participate in 
system validation and provide feedback periodically (biweekly/monthly).

New Taipei City

Taoyuan 1

Taoyuan 2

Miaoli 

Nantou 1

Nantou 2

Chiayi

Taitung

Tea Farmers Plant Doctors 

Hsinchu

Miaoli

Taichung

Nantou 1

Nantou 2

Chiayi 1

Chiayi 2

Current status of system promotion



Region: Taiwan, China, Japan, etc. 
Method (‘Mother Stalk Cultivation’): keep proper 
amount of stalks to increase photosynthesis and help the 
growth of spears.

→ More work for field maintenance.  

→ Require extra labor to scout the field 
more frequently.

Field 
robot

AI 
tech.

Temperate zone Subtropical zone

Region: mostly in US, 
Germany, Australia, etc. 
Method: remove all 
stalks and leave spears 
only. 

→ Easier for field 
maintenance and  
harvest mechanization.

Auto-
monitoring

Harvest Stage

Intelligent Monitoring System 
for Greenhouse Asparagus Production

SpearStalk Clump
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Intelligent Monitoring System 
for Greenhouse Asparagus Production

Self-Guiding Field Robot for growth status monitoring  

Lidar
(distance 

measuring)

CPU: Raspberry PI4 
Model B

Edge computing: 
Jetson AGX Xavier

Side view: 
PiCamrea v2

Front view: 
Webcam

Front-view images 
were used to set self-
guiding strategies. 

Side-view images were collected and analyzed to monitor 
the growth status of spears and stalks. (e.g., number and length)  

Original imageAfter identification

Harvest Stage
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Front-view images 
were used to set self-

guiding strategies. 

Side-view images 
were collected and 

analyzed to monitor 

the growth status of 

spears and stalks. (e.g., 

number and length)  

Original image After identification

Mask DINO
17

Intelligent Monitoring System 
for Greenhouse Asparagus Production

Self-Guiding Field Robot for growth status monitoring  

Harvest Stage

Harvest Stage
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Mask RCNN

Mask DINO

(He et al., 2017)

(Li et al., 2023) Result

AP: Average 
Precision

Intelligent Monitoring System 
for Greenhouse Asparagus Production



System website

Harvest Stage

Intelligent Monitoring System 
for Greenhouse Asparagus Production
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Record page:

The images collected by the vehicle are 
saved on the cloud server. 
Field manager can check out the field 
condition remotely.

Monitor page:

Provide model identification results 
(e.g., category, quantity, and 
dimensions).

Stats page:

Provide overall stalk/spear estimation.

Colors: different level of density number 
(stalks or spears)

Intelligent Monitoring System 
for Greenhouse Asparagus Production

Harvest Stage
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Integration System for Smart Pesticide Spraying Robot 

• Develop the smart pesticide/fertilizer 
robot with with Droxo Tech. (in Taiwan).

Density# of stalks in one meter

Sparse< 15

Medium15~25

Dense> 25

• Integrate the identification results 
(convert to density level) and location 
information (UWB coordinates)  to 
achieve variable fertilization.



Deminstration Video

Harvest Stage

Intelligent Monitoring System 
for Greenhouse Asparagus Production
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Spectroscopic Techs
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Safety

Quality

Origin Discrimination of Tea / 
Pesticide Residue Detection of Herbs 

Floral
Fruity

Sour/Ferm.
Vege.
Other

Roasted
Spices

Nutty/Cocoa
Sweet

Coffee Flavor Prediction 
Determination of Tea Ingredient

Applications of Spectroscopic Techs in Agriculture
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Postharvest Quality Evaluation 

Flavor Prediction for Specialty Coffee
Apply near-infrared spectroscopy (NIR) and machine/deep learning 
techniques to predict potential flavor categories in specialty coffee.

Coffee Flavor Wheel
(World Coffee Research, 2017) 

Flavor 
category

Origins

Processing 
methods

Roasting 
degree

Certified Cupper Chemical analysis

Few well-trained 
personnel

Time-consuming

NIR spectrum
Model structure

Flavor 
Prediction
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Flavor Prediction for Specialty Coffee

Postharvest Quality Evaluation 

(Support 
vector 

machine)

(DT or RF)
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Postharvest Quality Evaluation 

Flavor Prediction for Specialty Coffee

Model Prediction Find the potential correlation between 
flavor categories and the corresponding 
chemical composition by visualizing the 
learned features in models.
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Postharvest Quality Evaluation 

Flavor Prediction for Specialty Coffee
Prediction Interface

Predicted flavor will be colored
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Postharvest Quality Evaluation 

Flavor Prediction for Specialty Coffee

Developing a more versatile model to fulfill the 
market demand

21 Flavors 

Cupping Score

Roasting, origin, 
processing

Prediction models for: 
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Postharvest Quality Evaluation 

Coffee Blending Recommendation System

"Coffee Blending" is a technique commonly used in coffee production.

Cost

1
Ensuring Stable Product 

Quality 

Quality & Taste 

2
Highlighting Uniqueness of 

Brand 
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Postharvest Quality Evaluation 

Coffee Blending Recommendation System

X 70 % X 30 %
X 65 % X 35 %
X 60 % X 40 %
X 55 % X 45 %
X 50 % X 50 %

Analysis

How can we efficiently generate the best combinations 
from a vast number of options?

Difficulty
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Postharvest Quality Evaluation 

Coffee Blending Recommendation System

Diverse Origins Coffee Users’ Preference Balanced and Containing 
Specific Flavor

Users’ Preference Sensory Attribute 

DL

X 60 %

Spectrum
X 30 %

Spectrum
X 10 %

Spectrum

Searching & optimizing algorithm:

Model

Coffee A & B & C & 
D…A: NIR spectrum

B: NIR spectrum

Searching Algorithm

C: NIR spectrum

…

Recipe
{'A': 0.50, 'B': 0.25 , ‘C': 0.25}

{'A': 0.50, ‘C': 0.30 , ‘D': 0.20}

{'A': 0.60, 'B': 0.20 , ‘D': 0.20}

{'A': 0.70, 'B': 0.10 , ‘C': 0.20}

{‘A': 0.40, ‘C': 0.30 , ‘D': 0.30}

(0.40, 0.30, 0.30)

(0.40, 0.40, 0.20)

…

(0.50, 0.30, 0.20)

(0.50, 0.25, 0.25)

(0.60, 0.30, 0.10)

Score 1

Score 2

…

Score 3

Score 5

Score 4

Sample 
A

Sample 
B

Sample 
C

D: NIR spectrum

Blended Sample

TargetRatio

Blending Model Establishment:
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Postharvest Quality Evaluation 

Coffee Blending Recommendation System
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Postharvest Quality Evaluation 

Coffee Blending Recommendation System

Blending Model Performance

Mean Absolute Error (MAE)

Mean Squared Error (MSE) 

Scoring Criterion

The predictive performance of the cupping 
report is acceptable, with MAE for each item 
remaining within 0.125.

Summary:
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Odor Recognition for Specialty Coffee
Apply gas chromatography-mass spectrometry (GC-MS) and deep
learning techniques to predict odor categories in specialty coffee.

Postharvest Quality Evaluation 
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Odor Recognition for Specialty Coffee

Postharvest Quality Evaluation 
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Odor Recognition for Specialty Coffee

Postharvest Quality Evaluation 

Thank you.

All the members from Sensing and Spectroscopy Lab

Evaluation of Agricultural, Livestock and Fishery Products
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